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(57) ABSTRACT 

A circuit for heating a component is maintained at a pre 
de?ned operating temperature by a resistance heating ele 
ment. A control system for the temperature of the resistance 
heating element is provided. From a determination of the 
average electrical energy delivered to the resistance heating 
element, an analysis arrangement concludes that the pre 
de?ned operating temperature of the component to be heated 
has been at least approximately reached. 

18 Claims, 1 Drawing Sheet 
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CIRCUIT FOR HEATING A COMPONENT 

FIELD OF THE INVENTION 

The present invention relates to a circuit for heating a 
component. 

BACKGROUND INFORMATION 

German Patent No. 195 31 786 describes a circuit 
arrangement for activating a heating resistor that is provided, 
in particular, for heating an air quality sensor. The tempera 
ture of the heating resistor is regulated to a prede?ned value. 
The heating resistor is activated With a tWo-position tem 
perature controller. If the reference temperature and actual 
temperature differ from one another, current ?oW through 
the heating resistor then occurs. The actual temperature of 
the heating resistor is determined indirectly by sensing its 
electrical resistance. The heating resistor is a constituent of 
a voltage divider through Which, during the sWitched-off 
phase of the heating current, there ?oWs a small current that 
alloWs a conclusion to be draWn, via the voltage drops in the 
voltage divider, as to the internal resistance of the heating 
element. 

Another circuit arrangement for temperature regulation of 
a resistance heating system has been described in German 
Patent No. 43 12 289. With this conventional circuit 
arrangement, continuous closed-loop control of the heating 
output is provided instead of a tWo-position control system. 
Here again, the electrical resistance of the resistance heating 
element, Which is arranged in a voltage divider, is sensed. 
The difference betWeen the voltage drops occurring, on the 
one hand, at a knoWn resistance and, on the other hand, at 
the resistance heating element is evaluated. The magnitude 
of the difference de?nes the operating voltage of the voltage 
divider containing the resistance heating element. 

The knoWn resistance heating elements are provided for 
heating of sensors Which must be at an operating tempera 
ture higher than ambient temperature in order to Work 
correctly. In the case of the conventional circuit 
arrangements, it is assumed that the operating temperature of 
the sensor alWays corresponds at least approximately to that 
of the resistance heating element. 

It is an object of the present invention to describe a circuit 
for heating a component Which indicates, With simple 
means, the fact that the operating temperature of the com 
ponent to be heated has been reached. 

SUMMARY OF THE INVENTION 

A temperature of the component to be heated is not 
necessary. The fact that an operating temperature has been 
reached is deduced exclusively from the operating behavior 
of the resistance heating element. According to the present 
invention, at least one observation time interval is de?ned, 
Within Which a determination of the average energy deliv 
ered to the resistance heating element is provided. The fact 
that the average energy falls beloW a prede?ned threshold is 
interpreted as meaning that the prede?ned operating tem 
perature of the component to be heated has at least approxi 
mately been reached. The present invention makes use of the 
fact that the energy to be delivered to the heating element 
during the operation of heating up the component to be 
heated is higher than in the steady state operating condition, 
in Which the component to be heated has reached the 
operating temperature. 

The average energy threshold to be ascertained is prefer 
ably determined experimentally. In the context of series 
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2 
production, an individual de?nition of the threshold for each 
component to be heated can be performed at the end of the 
line. 

It is particularly advantageous to use a tWo-position 
controller for temperature regulation of the resistance heat 
ing element. The tWo-position temperature controller com 
pares the actual temperature occurring at the resistance 
heating element to the prede?ned reference temperature, 
and, as a function of the result, either connects the resistance 
heating element to an energy source or interrupts the con 
nection. 

An advantageous development of this embodiment 
according to the present invention provides for the sWitched 
on time of the tWo-position temperature controller Within the 
observation time interval to be determined. The sWitched-on 
time is a direct indication of the average energy delivered to 
the resistance heating element. Instead of an integration of 
the energy delivered to the resistance heating element, all 
that is to be provided is thus a determination of a duration. 
What is to be de?ned in this case as the threshold of the 
average energy is a maximum duration Within the observa 
tion time interval. 

Another advantageous development of this embodiment 
according to the present invention provides for the number 
of sWitch-on events of the tWo-position temperature con 
troller Within the observation time interval to be determined. 
Once the component to be heated has been heated up, the 
tWo-position temperature controller reduces the average 
electrical energy delivered to the resistance heating element 
by sWitching on and off more frequently. In this case, the 
minimum threshold for the average energy corresponds to 
the de?nition of a number of sWitch-on events Which must 
at least be attained Within the observation time interval. 

Another advantageous embodiment of the circuit accord 
ing to the present invention provides for the internal resis 
tance of the resistance heating element to be evaluated as an 
indication of its temperature. As a result, a separate tem 
perature sensor for sensing the temperature of the resistance 
heating element is not necessary. The internal resistance of 
the resistance heating element can be determined using one 
of the actions explained in the documents cited in the 
“Background Information” section. 
A sensor is preferably provided as the component to be 

heated. The sensor can be, for example, a gas sensor Which 
converts the constituents of a gas being investigated into a 
corresponding output signal. Sensors of this kind are used, 
for example, in determining the gas constituents of internal 
combustion engine exhaust gases, or ascertaining the quality 
of inhaled air by evaluating at least the CO concentration 
and NOx concentration in the inhaled air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a block diagram of a circuit according to the 
present invention for heating a component. 

FIG. 2 shoWs a heating signal as a function of time, 
beginning at a starting time at least during an observation 
time interval. 

FIG. 3 shoWs the heating signal, including sWitch-on 
events, as the function of time, beginning at an operating 
time at least during the observation time interval. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a component 10 to be heated, Which is 
thermally connected via a thermal coupling 11 to a resis 
tance heating element 12. The temperature of the resistance 
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heating element is determined by a temperature determina 
tion device 13, and conveyed to a temperature controller 14 
as actual temperature Templ. Temperature controller 14 also 
has delivered to it the reference temperature Temp2 of 
resistance heating element 12. Temperature controller 14 
emits a heating signal 15 to resistance heating element 12. 
The energy for heating resistance heating element 12 is 
made available by an energy source 16. Heating signal 15 is 
conveyed to an analysis arrangement 17 Which additionally 
has conveyed to it an observation time interval Ti and a 
threshold S. Analysis arrangement 17 emits an operational 
readiness signal B. 

The circuit according to the present invention for heating 
component 10 operates as folloWs: 

Component 10 to be heated is, for example, a sensor that 
must be at a prede?ned operating temperature in order to 
Work correctly. Sensors of this kind are, for example, gas 
sensors Which detect the chemical constituents of a gas and 
sense their concentrations. Gas sensors are used, for 
example, to analyZe the exhaust gas of internal combustion 
engines so as to in?uence fuel metering as a function of the 
result. Other gas sensors analyZe the composition of inhaled 
air so as to be able to in?uence a ventilation valve as a 

function of the result. In chemical sensors of this kind, the 
temperature of the sensor is generally incorporated directly 
into the measurement result. A determination of the tem 
perature of this kind of sensor indirectly, for example, by 
Way of its internal electrical resistance, is therefore not 
sufficiently accurate in all cases. Additional complexity due 
to the use of a separate temperature probe is undesirable. 
Provision is therefore made, according to the present 
invention, for the average energy delivered to resistance 
heating element 12 Within observation time interval Ti to be 
determined and compared to the prede?ned threshold S. 
When threshold S is crossed, operational readiness signal B 
is issued. 

The temperature of resistance heating element 12 is 
regulated to the prede?ned reference temperature Temp2 by 
temperature controller 14. Temperature controller 14 com 
pares reference temperature Temp2 to actual temperature 
Templ of resistance heating element 12. Temperature deter 
mination device 13 is provided for determining the tempera 
ture of resistance heating element 12, and can be a tempera 
ture sensor. Preferably the temperature is determined 
indirectly via the internal resistance of resistance heating 
element 12. The internal resistance is a direct indication of 
the temperature. Determination of the internal resistance of 
resistance heating element 12 Will not be discussed here in 
more detail; reference is made to the existing art cited 
initially. German Patent No. 195 31 786 describes a circuit 
in Which resistance heating element 12 is arranged in a 
voltage divider. From voltage drops at the voltage divider 
Which occur as a result of a rest current during current-?oW 
off periods, conclusions are draWn as to the internal resis 
tance of resistance heating element 12. Acircuit in Which an 
interruption in the heating of resistance heating element 12 
is not provided is described in German Patent No. 43 12 289. 
In this, voltage drops are determined While the heating 
current is ?oWing, and are utiliZed for continuous regulation 
of the operating voltage of resistance heating element 12. 

Temperature controller 14 is preferably con?gured as a 
tWo-position temperature controller. The tWo-position tem 
perature controller compares reference temperature Temp2 
to actual temperature Templ. As long as reference tempera 
ture Temp2 is not exceeded, the tWo-position temperature 
controller connects energy source 16 to resistance heating 
element 12. In this case, heating signal 15 is at least 
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4 
approximately equal to the voltage of energy source 16. 
Heating signal 15 can also, hoWever, be regarded as the 
current ?oWing through resistance heating element 12. 
Instead of the con?guration of temperature controller 14 as 
a tWo-position controller, it is also possible to provide a 
continuous control system. 

Analysis arrangement 17 determines the average energy 
delivered to resistance heating element 12 Within the pre 
de?ned observation time interval Ti. According to the exem 
plary embodiment according to the present invention shoWn 
in FIG. 1, this can be accomplished, for example, by 
analyZing heating signal 15 delivered to analysis arrange 
ment 17. A particularly simple manner of determining the 
average energy is obtained When temperature controller 14 
is con?gured as a tWo-position temperature controller. Cor 
responding signal pro?les are shoWn in FIGS. 2 and 3. 

FIG. 2 shoWs the operating situation beginning With 
starting time T0. After heating signal 15 occurs at starting 
time T0, in the case of the component 10 that has cooled off, 
heating signal 15 is present during the entire observation 
time interval Ti. The average energy delivered to resistance 
heating element 12 can be obtained by integrating heating 
signal 15. With a tWo-position temperature controller, inte 
gration becomes simply summing the sWitched-on times. 
Threshold S is to be de?ned in this case as a maximum time 
for the sWitched-on duration during observation time inter 
val Ti. In the exemplary embodiment shoWn in FIG. 2, the 
sWitched-on time exceeds threshold S that is to be de?ned, 
so that operational readiness signal B does not occur. 

Operational readiness signal B can be issued only When 
the average energy delivered to resistance heating element 
12 falls beloW threshold S. One such case is shoWn in FIG. 
3. AtWo-position temperature controller is again assumed to 
be present. Beginning from an arbitrary operating time T1, 
the average energy delivered to resistance heating element 
12 during observation time interval Ti is once again deter 
mined. The energy determination is once again limited to 
summing the sWitched-on times exhibited by heating signal 
15 as shoWn in FIG. 3. In the exemplary embodiment shoWn, 
four sWitch-on events E1, E2, E3, E4 occur in observation 
time interval Ti. The sum of the sWitched-on durations is 
compared to threshold S. If the sum of the sWitched-on 
durations Within observation time interval Ti falls beloW 
threshold S, operational readiness signal B is issued. 

Another advantageous embodiment provides for analyZ 
ing the number of sWitch-on events E1, E2, E3, E4 that occur 
during observation time interval Ti. In the operating situa 
tion shoWn in FIG. 2, only one sWitch-on event is present in 
observation time interval Ti. At the later operating time T1 
shoWn in FIG. 3, four sWitch-on events E1, E2, E3, E4 occur 
during observation time interval Ti. If the number of sWitch 
on events E1, E2, E3, E4 exceeds a prede?ned number, for 
example the number 3, operational readiness signal B is then 
issued. 

Threshold S, Which corresponds to the average energy 
delivered to resistance heating element 12 in observation 
time interval Ti, is preferably determined experimentally. 
Based on an experiment in Which component 10 to be heated 
has reached the prede?ned operating temperature, it is 
possible to ascertain the average energy necessary to main 
tain the operating temperature. The threshold can then be 
de?ned as a total quantity of energy Which must fall beloW 
a certain value during one observation time interval Ti in 
order for operational readiness signal B to be issued. 
According to the exemplary embodiments, according to the 
present invention threshold S can constitute a maximum 
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time Which must not be exceeded, or can be a minimum 
number of sWitch-on events E1, E2, E3, E4 Which must be 
exceeded Within one observation time interval Ti. 
What is claimed is: 
1. A circuit for heating a component and generating an 

operational readiness signal When the component reaches a 
prede?ned operational temperature, comprising: 

a resistance heating element thermally coupled to the 
component, the heating element having an actual tem 
perature; 

an electrical energy source for poWering the resistance 
heating element; 

a temperature controller for regulating the actual tempera 
ture of the resistance heating element by controlling an 
amount of energy supplied to the resistance heating 
element by the energy source, the controller producing 
a heating signal as a function of at least the actual 
temperature of the resistance heating element and the 
prede?ned operational temperature; and 

an analysis device con?gured to determine an average 
amount of energy delivered to the resistance heating 
element over at least one observation time interval and 
to generate the operational readiness signal in accor 
dance With the average amount of energy delivered to 
the resistance heating element over the at least one 
observation time interval being beloW a prede?ned 
threshold. 

2. The circuit according to claim 1, Wherein the opera 
tional readiness signal is generated as a function of the 
prede?ned threshold and an integration sum, the integration 
sum being produced by integrating the heating signal over at 
least the one observation time interval. 

3. The circuit according to claim 1, Wherein the tempera 
ture controller includes a tWo-position controller, the tWo 
position controller being capable of connecting occasionally 
the resistance heating element to the electrical energy 
source, Whereby the amount of energy supplied to the 
resistance heating element by the energy source is con 
trolled. 

4. The circuit according to claim 3, Wherein the prede?ned 
threshold is de?ned as a duration, the operational readiness 
signal being generated as a function of the duration and a 
sWitch-on time of the heating signal. 

5. The circuit according to claim 3, Wherein the prede?ned 
threshold is de?ned as a number of occurrences, the opera 
tional readiness signal being generated as a function of the 
number of occurrences and a number of sWitch-on events of 
the heating signal. 

6. The circuit according to claim 1, Wherein the tempera 
ture controller determines the actual temperature of the 
heating element as a function of an internal resistance of the 
resistance heating element. 

7. The circuit according to claim 2, Wherein the tempera 
ture controller determines the actual temperature of the 
heating element as a function of an internal resistance of the 
resistance heating element. 

8. A gas sensing device capable of generating an opera 
tional readiness signal When the device is in an operational 
state, comprising: 

at least one gas sensor having a prede?ned operational 
temperature; 

a resistance heating element thermally coupled to at least 
the one gas sensor, the heating element having an actual 
temperature; 
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6 
an electrical energy source for poWering the resistance 

heating element; 
a temperature controller for regulating the actual tempera 

ture of the resistance heating element by controlling an 
amount of energy supplied to the resistance heating 
element by the energy source, the controller producing 
a heating signal as a function of at least the actual 
temperature of the resistance heating element and the 
prede?ned operational temperature; and 

an analysis device con?gured to determine an average 
amount of energy delivered to the resistance heating 
element over at least one observation time interval and 
to generate the operational readiness signal in accor 
dance With the average amount of energy delivered to 
the resistance heating element over the at least one 
observation time interval being beloW a prede?ned 
threshold. 

9. The circuit according to claim 8, Wherein the at least 
one gas sensor detects at least one constituent of inhaled air. 

10. The circuit according to claim 8, Wherein the at least 
one gas sensor detects at least one constituent of an exhaust 

gas of an internal combustion engine. 
11. A circuit for heating a component, comprising: 
a resistance heating element thermally coupled to the 

component; 
an electrical energy source con?gured to poWer the resis 

tance heating element; 
a temperature controller con?gured to regulate a tempera 

ture of the resistance heating element as a function of 
an actual temperature of the resistance heating element 
and a prede?ned reference temperature; and 

an analysis device con?gured to determine an average 
energy delivered to the resistance heating element in at 
least one observation time interval, to determine 
Whether the average energy is beloW a prede?ned 
threshold and to determine that a temperature of the 
component has at least approximately reached a pre 
de?ned operating temperature When the average energy 
is beloW the prede?ned threshold. 

12. The circuit according to claim 11, Wherein the tem 
perature controller includes a tWo-position controller con 
?gured to occasionally connect the resistance heating ele 
ment to the energy source. 

13. The circuit according to claim 12, Wherein the thresh 
old is de?ned as a duration not to be exceeded Within the 
observation time interval in accordance With a sWitch-on 
duration of a heating signal emitted by the tWo-position 
controller. 

14. The circuit according to claim 12, Wherein the thresh 
old is de?ned as a number of sWitch-on events that must be 
exceeded during the observation time interval. 

15. The circuit according to claim 11, Wherein the resis 
tance heating element is con?gured so that an internal 
resistance of the resistance heating element is indicative of 
its temperature. 

16. The circuit according to claim 11, Wherein the com 
ponent includes at least one gas sensor. 

17. The circuit according to claim 16, Wherein the gas 
sensor is con?gured to detect at least one component of 
inhaled air. 

18. The circuit according to claim 16, Wherein the gas 
sensor is con?gured to detect at least one component of an 
internal combustion engine exhaust gas. 

* * * * * 
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